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Introduction 
　Zinc (Zn) is one of the essential trace elements for all 
organisms, and is second in abundance to iron in the 
body. It is generally accepted that Zn is a cofactor for 
more than 300 enzymes and about 60% of Zn is 
contained in skeletal muscles. However, the effects of 
Zn-deficiency on the delayed muscle development and 
its adaptive responses are not fully elucidated. 
Therefore, we studied the effects of the Zn-deficiency 
on the expression of insulin like growth factor 
1-receptor (IGF1-R) in rat skeletal muscles. On the other 
hand, Zn transporter is known to be essential for Zn 
homeostasis in the cell. It is generally accepted that Zn 
transporters are divided into ZnT (SLC30) and ZIP 
(SLC39) transporters. ZnT families transport Zn from 
cytsol to extracellular space or subcellular organelle. In 
contrast, ZIP families transport Zn from extracellular 
space or subcellular organelle to cytosol. However, the 
functions and distributions of Zn transporters in skeletal 
muscles are still unclear. Therefore, the effects of Zn-
deficiency on the expressions of Zn transporters in rat 
skeletal muscles were also investigated.
Materials and Methods 
　Three week old SD male rats were divided into the 
Zn-deficient diet (ZDF: 0.6mg Zn/kg diet) group and the 
control diet (CON: 35.2mg Zn/kg diet) group, and were 
pair-fed for 2 and 4 weeks. Blood samples were 
collected from tail vein. After Zn-deficient period, the 
soleus (SOL: slow-twitched) and extensor digitorum 
longus (EDL: fast-twitched) mucles were isolated and 
weighted. Plasma Zn and IGF1 concentrations were 
analyzed by spectrophotometry and ELISA, respectively. 
In addition, the mRNA and protein expressions of 
IGF1-R and Zn transporters were analyzed by RT-PCR 
and western blot analysis, respectively. This study was 
approved by the Animal Ethics Committee, Waseda 
University (2013-A106).
Results 
　Plasma Zn and IGF1 concentrations during Zn-
deficient period were significantly lower in the ZDF 
group than in the CON group. On the other hand, Zn-
deficiency for 2 and 4 weeks decreased absolute 
weights of SOL and EDL muscles, as compared with the 
CON group. However, 4 weeks after the Zn-deficiency, 
relative weights of EDL muscle per body weight were 
significantly lower without changing that in SOL muscle, 
as compared with the CON group. Meanwhile, the 
expression of IGF1-R mRNA in EDL muscle after Zn-
deficiency for 2 and 4 weeks were significantly higher in 
the ZDF group than in the CON group, although there 
were no significant differences in SOL muscle between 
two groups. However, the expression of IGF1-R protein 
in SOL muscle after Zn-deficiency for 4 weeks was 2.07 
times higher in the ZDF group than in the CON group, 
although there were no significant differences in EDL 
muscle between two groups (Fig. 1A). The expression of 
ZIP13 mRNA in EDL muscle after Zn-deficiency for 2 
weeks were significantly lower in the ZDF group than in 
the CON group, although there were no significant 
differences in SOL muscle between two groups. On the 
other hand, the expression of ZIP13 protein in EDL 
muscle after Zn-deficiency for 4 weeks was 0.63 times 
significantly lower in the ZDF group than in the CON 
group, although there were no significant differences in 
SOL muscle between two groups (Fig. 1B).
 
Conclusions 
　These results suggest that the increased expression of 
IGF1-R protein in SOL muscle in response to Zn-
deficiency may play an important role in the attenuation 
of its growth suppression mediated by reduced plasma 
levels of IGF1. In addition, these present results also 
suggest that Zn concentration in EDL muscle may be 
modulated by down-regulated expression of ZIP13 in 
Golgi apparatus, and keep Zn in Golgi apparatus during 
Zn-deficiency.
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Fig. 1 Effects of Zn-deficiency on the expressions of IGF1-R 
protein (A) and ZIP13 protein (B) in SOL and EDL muscles. 
Values in parentheses: Relative ratio to CON group (set=1). 
Values : Means±S.E. (n=8/group). □:CON group and ■: ZDF 
group. Statistics : *p< 0.05 and **p< 0.01 (vs. CON group)
